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All shootings in 2019
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Mass shootings in 2019
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Motivations
We do not know:
• how the occurring rate of active and mass 
shootings changed over past few years
• when the change of occurring rate occurred
• the overall trend of the number of active and 
mass shootings over next few years
- Change point detection
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Definitions
• Active shooter (Department of 
Homeland Security): An 
individual actively engaged in 
killing or attempting to kill people 
in as confined and population 
area
• Mass shooting (FBI): Four or 
more victims are murdered with 
firearms not including the 
offender(s) within one event, in 
one or more public locations. 
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Literature: Qualitative analysis
• Find the potential factors related to active and mass 
shootings (Browne & Catherine, 2005, Kelly, 2012, 
Lee, 2013)
• Arguments for the definition of mass shootings 
(Lankford, 2013, Lemieux, 2014)
• Descriptive analysis of mass shootings (Bagalman
et al, 2013, Blair, 2014)
• Classify mass shootings based on different factors 
(Dietz, 1986, Holmes & Stephen, 2001)
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Literature: Quantitative analysis
• Comparison of different types of shooters (hypothesis 
test) (Lankford, 2013)
• Difference between mass shooters who die or live 
(binary logistic regression) (Lankford, 2015)
• The effect of gun culture and firearm laws on gun 
violence and mass shootings (multiple regression) 
(Lemieux, 2014)
• Contagion studies-how previous incidents affect 
future incidents (Dugan, 2011, Dugan, Gary & Alex, 
2005, Gary, Dugan & Raven, 2009)
8
IMSE
Data sources 
1. New York City Police 
Department’s (NYCPD) Active 
Shooter File 
https://www1.nyc.gov/assets/nypd/download
s/pdf/counterterrorism/active-shooter-
analysis2016.pdf
2. FBI Active Shooter Incidents in 
the United States 
https://www.fbi.gov/file-repository/active-
shooter-incidents-2000-2017.pdf
3. Mother Jones US mass shootings 
https://www.motherjones.com/politics/2012/
12/mass-shootings-mother-jones-full-data/
4. The Gun Violence Archive 
https://www.gunviolencearchive.org/reports 9
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Data sources 
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Data 
sources 
Range 
(year)
Total 
number of 
mass 
shootings
Total number of mass 
shooting incidents in 
common time period 
(2014-2016) 
1. NYCPD 1966-2016 82 11
2. FBI 2001-2017 59 11
3. Mother 
Jones 
1982-2018 91 11
4. Gun 
Violence 
Archive 
2014-2018 124 75
Mass shootings, 1982-2018 (Mother Jones)
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Change point detection
𝝉 - change point in [0, 𝑇]
𝜆 - occurring rate of Poisson process
Two models are considered:
(1) 𝝀 is constant before and after 𝝉
(2) 𝝀 = 𝝀(𝒕) is time-dependent before and after 𝝉
• power Law (PLP) intensity function
12
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Change point detection model 1
• Poisson process with constant intensity rate 𝜆
• 𝜆 is annual count of mass shooting incidents
• Change point model determines the time 
point 𝜏 when 𝜆 changes
13
IMSE
Change point detection model 1
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𝝉 = 𝟐𝟎𝟎𝟕
෢𝝀𝟏 = 𝟏. 𝟕𝟓
෢𝝀𝟐 = 𝟒. 𝟑𝟏
Model 1 comparison to data
Constant occurring rate (residual sum of squares or RSS=1078)
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Change point detection model 2
• Poisson process with intensity rate 𝜆 𝑡
• 𝜆(𝑡) is average number per year
• Change point model determines when 𝜆(𝑡)
changes
16
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𝜆𝑃𝐿𝑃 𝑡 =
𝛽
𝛼
(
𝑡
𝛼
)𝛽−1
time
Change point detection model 2
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𝝉 = 𝟏𝟗𝟖𝟑
෢𝝀𝟏(𝒕) ෢𝝀𝟐(𝒕)
Model 2 comparison to data
Time-dependent occurring rate (RSS=666)
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Forecast of mass shootings in 2019
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Mean
95% credible 
interval
Constant occurring 
rate 4.49 [3.90, 4.94]
Time-dependent 
occurring rate 4.34 [3.87, 4.76]
Probability density of mass shootings 
in 2019 (model 1)
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Probability density of mass shootings 
in 2019 (model 2)
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Conclusions
• Model 1: constant occurring rate 
• Change point at the midpoint (year 2007) of 
time interval
• Mean value of 𝜆 a shifts from 1.75 to 4.31
• Model 2: time-dependent rate
• Change point at the first time incidents 
increase (year 1983)
• Mean 𝜆 increases over time
• Model 2 fits data better but both models forecast 
similar number for 2019
22
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Future work
• Multiple change points model
• Different intensity functions
• Search the factors related to the change of 
occurring rate 
• Predict and generalize the overall trend 
based on different data sources
contact: xlei@iastate.edu 23
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Change point detection
• 𝜆 is constant before and after 𝜏
• count data: 
𝑛 observations over time 0, 𝑇
𝑌𝑖 - annual count data of active and mass 
shootings, 
𝑌𝑖~
𝑖𝑖𝑑 𝑃𝑜𝑖(𝜆1) for 𝑖 = 1,… , 𝜏
𝑌𝑖~
𝑖𝑖𝑑𝑃𝑜𝑖(𝜆2) for 𝑖 = 𝜏 + 1, … , 𝑛
priors: 𝑝 𝜆𝑗 ~Γ 𝑎𝑗 , 𝑏𝑗 𝑗 = 1, 2 , 𝑝 𝜏 ~
1
𝑛
conditional posteriors: 𝑝 𝜆1|𝑌, 𝜏 , 𝑝 𝜆2|𝑌, 𝜏 ,
𝑝 𝜏|𝑌, 𝜆1, 𝜆2 . 28
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Change point detection
• 𝜆=𝜆(t) is time-dependent before and after 𝜏
• occurring time data:
𝜆(𝑡|𝜃)𝑃𝐿𝑃 = ൞
𝜆1 𝑡 =
𝛽1
𝛼1
(
𝑡
𝛼1
)𝛽1−1, 0 ≤ 𝑡 ≤ 𝜏
𝜆2 𝑡 =
𝛽2
𝛼2
(
𝑡
𝛼2
)𝛽2−1, 𝑡 > 𝜏
𝜃 = {𝛼1, 𝛼2, 𝛽1, 𝛽2, 𝜏}
joint posterior distribution:
𝑝 𝜃 𝑑𝑎𝑡𝑎 ∝ 𝐿 𝑑𝑎𝑡𝑎 𝜃 𝑝 𝛼1, 𝛼2, 𝛽1, 𝛽2, 𝜏
∝ 𝐿 𝑑𝑎𝑡𝑎 𝜃 𝑝 𝛼1)𝑝 𝛼2 𝑝 𝛽1 𝑝 𝛽2 𝑝(𝜏
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Change point detection
• Comparison of two models:
Posterior summaries for the model parameters:
(1) Constant occurring rate
(2) Time-dependent occurring rate
30
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Parameter Mean 95% credible interval
𝝀𝟏 0.0048 [0.0042, 0.0054]
𝝀𝟐 0.0118 [0.0101, 0.0134]
𝜏 9375.61 [7809.59, 10918.71]
Parameter Mean 95% credible interval
𝜶𝟏 66802.64 [4130.65, 129503.51]
𝜶𝟐 996.32 [492.82, 1561.47]
𝜷𝟏 51.89 [4.19, 97.91]
𝜷𝟐 1.73 [1.38, 2.09]
𝝉 374.47 [20.31, 668.88]
(Note: parameters are based on the same unit, days)  
